Background. Marital status is an important social factor associated with increased mortality from cardiovascular disease (CVD) and all causes. However, there has been no study on the association of marital status with mortality in haemodialysis patients. Methods. We analysed data from a 5-year prospective cohort study of 1064 Japanese haemodialysis patients aged 30 years or older. Marital status was classified into three groups: married, single and divorced/widowed. Cox's regression was used to estimate multivariate hazard ratios (HRs) [95% confidence intervals (CIs)] for all-cause mortality and CVD mortality according to marital status after adjusting for age, sex, duration of haemodialysis, cause of renal failure, body mass index, systolic blood pressure, total cholesterol, high density lipoprotein-cholesterol, albumin, high-sensitivity C-reactive protein, co-morbid conditions, smoking, alcohol consumption, education levels and job status. Results. Single patients had higher risks than married patients for mortality from all causes (HR = 1.51, 95% CI:
Marital status is an important social factor that is associated with mortality from all causes and mortality from CVD [6] [7] [8] [9] [10] [11] [12] [13] . The effect of marital status on mortality may be mediated by several factors. Unmarried status has been reported to be associated with an increased frequency of unhealthy lifestyle behaviours, depression, low socioeconomic status and non-adherence to medical treatment [7, [14] [15] [16] [17] . In addition, unmarried persons are likely to have more traditional cardiovascular risk factors and increased levels of inflammatory markers [18] [19] [20] . These factors have also been shown to be associated with mortality in haemodialysis patients [21] [22] [23] [24] [25] . Therefore, being unmarried may also contribute to increased risks for mortality from all causes and mortality from CVD in haemodialysis patients. To our knowledge, however, there has been no study in which the association between marital status itself and mortality risk in haemodialysis patients was evaluated.
The objective of this study was to determine whether there are associations of marital status with mortality from all causes and mortality from CVD using data for a populationbased cohort of Japanese haemodialysis patients.
M AT E R I A L S A N D M E T H O D S

Study participants
The Kaleidoscopic Approaches to patients with end-stage RENal disease study (the KAREN study), a population-based prospective study in northern Japan, was conducted from 2003 . The details of this study have been described elsewhere [26] [27] [28] [29] [30] . Briefly, the study subjects were prevalent cases of haemodialysis patients. A total of 1214 patients (80.6% of all haemodialysis patients in the study area; aged 22-95 years; 779 men and 425 women) underwent a baseline survey at each centre between June 2003 and March 2004. All of the study subjects had arteriovenous shunts (fistulae or grafts), and there was no patient with a central venous catheter. Among those patients, 69 patients who had undergone haemodialysis for <6 months, 21 patients who were inpatients or institutionalized patients and 41 patients who did not have complete data were excluded from the analysis. In addition, 19 patients aged <30 years were excluded from the analysis because all of the patients were single. A total of 1064 patients [678 men aged 30-95 years with a mean age (standard deviation) of 61.4 (12.2) years and 386 women aged 30-95 years with a mean age (standard deviation) of 61.2 (12.0) years] were therefore used in the present study (Figure 1) . We ascertained the vital status of all subjects in a 5-year followup survey (follow-up rate: 100%). The study was approved by the Medical Ethics Committee of Iwate Medical University and conducted in accordance with the guidelines of the Declaration of Helsinki.
Measurements
The baseline survey consisted of a questionnaire, medical record review, measurements of blood pressure and anthropometric data and blood tests. The data-gathering methodology was described elsewhere [26] . The date on which haemodialysis was initiated, cause of renal failure (diabetic nephropathy, chronic glomerulonephritis and other causes) and past history (myocardial infarction, stroke and cancer) were confirmed by patients' medical records. The long-term period of haemodialysis was defined as 5 years or longer after haemodialysis had been initiated.
Anthropometric examinations and blood pressure measurements were performed in a consistent manner. Nonfasting pre-dialysis blood sampling was performed by dialysis nursing staff immediately before haemodialysis sessions. Blood samples were drawn from arteriovenous fistulae or grafts through haemodialysis cannulae into vacuum tubes. The blood samples were transported to a laboratory (Mitsubishi Kagaku Bio-Clinical Laboratories, Inc., Morioka). Biochemical measurements and complete blood count were performed on the same day.
Combined blood cell counts were determined using automated blood cell counters. Serum levels of total cholesterol and high-density lipoprotein cholesterol (HDL-cholesterol) were determined by direct quantitative assays. Serum levels of albumin were determined by the bromcresol green method. Serum levels of high-sensitivity C-reactive protein (hsCRP) were determined by the latex-enhanced immunonephelometric method (Dade Behring Diagnostic, Germany).
Self-administered questionnaires were used to collect information on demographic characteristics, marital status, job status, years of education, smoking status and alcohol consumption status. Marital status at the baseline survey was based on answers to the following question: 'What is your marital status?' [married (including common-law marriage), single or divorced/widowed]. Job status was classified into two categories: having a job and no job. Education levels were classified into two categories according to years of education: high level of education was defined as >9 years of education and low level of education was defined as ≤9 years of education. Smoking status was classified into current, past and never smoking. Regular alcohol consumption was defined as drinking 5 days or more per week.
Follow-up
Follow-up studies were performed annually at each centre [29, 30] . Investigators and trained research nurses reviewed all of the medical records of study participants. The medical records of deceased patients were summarized. Cause of death was independently determined and coded according to the International Classification of Diseases, 10th Revision (ICD-10) by KAREN Outcome Review Committee physicians based on the summaries. Discordant cases were discussed and final determination was reached by consensus. In this study, CVD mortality included cardiac death (I20-25, I33, I50), death from pulmonary embolism (I26), stroke death (I60-I63), vascular death (I70-I71) and sudden death (I46, I49, R96).
We defined the follow-up period as the period from the initial survey to the first outcome or the end of observation. Individuals who were free of outcomes in the 5-year followup study were administratively censored.
Statistical analysis
Patients were classified into three groups according to marital status as follows: married, single and divorced/ widowed. Comparisons of selected variables between the marital groups were performed. Continuous variables were compared using analysis of variance (ANOVA), and adjustment for multiple comparisons was performed using Bonferroni correction. Serum hsCRP levels were log-transformed to compare their geometric means between the marital groups, using ANOVA. Categorical variables were compared using logistic regression with the married group as a reference.
Using Cox's proportional hazard models, multivariate-adjusted hazard ratios (HRs) and their 95% confidence intervals (CIs) for mortality from all causes and CVD according to marital status were estimated after adjusting for age, sex, duration of haemodialysis (long-term period of haemodialysis or not), cause of renal failure (diabetic nephropathy, chronic glomerulonephritis), body mass index, systolic blood pressure levels, total cholesterol levels, HDL-cholesterol levels, albumin levels, log-transformed hsCRP levels, history of myocardial infarction, history of stroke, history of cancer, current smoking, regular alcohol consumption, education level and job status. We tested the assumption of proportional hazards by using the time-dependent covariate method [31] and found no violation of proportionality.
In addition, we performed age-stratified analysis (30-59 years and 60 years or older) because there was a large difference in the age distribution between the marital groups, particularly between the married and single groups (Supplementary Table S1 ). In all analyses, two-sided P values <0.05 were considered to be statistically significant. The IBM SPSS statistics for Japan (version 19.0, SPSS, Inc., an IBM Company, Tokyo, Japan) was used for the present analyses. Table 1 shows baseline characteristics by marital status in all of the patients. Compared with married patients, single patients were younger and had higher levels of diastolic blood pressure and serum albumin. There were higher proportions of male patients, patients who had undergone haemodialysis for a long period and current smokers and a lower proportion of patients with low education levels in single patients than in married patients. In divorced/widowed patients, the mean levels of systolic and diastolic blood pressure were lower than those in married patients. A lower proportion of male patients and a higher proportion of patients having no job and patients with low education levels were found in divorced/widowed patients than in married patients. Among patients aged 30-59 years, the proportion of patients with low education levels in single patients and the proportion of current smokers in divorced/ widowed patients were higher than those in married patients (Supplementary Table S2 ). Among patients aged 60 years or older, the proportion of patients with low education levels was higher in divorced/widowed patients than in married patients (Supplementary Table S3) .
R E S U LT S
During the 4261 person-years of the follow-up period (mean follow-up period of 4.0 years), a total of 385 deaths were recorded. Of those, 185 deaths were attributable to CVD: sudden death [82 deaths (44.3% of CVD deaths)] was F I G U R E 1 : Flow chart of selection of participants in the KAREN study. There were 1506 adults undergoing haemodialysis in the 26 centres in the study area. We were able to contact 1447 patients (96.5%). Fifty-two patients were then excluded because of their serious clinical conditions. A total of 1260 patients (87.1%) provided written informed consent for participation in the study, and 1214 patients (80.6%) completed the baseline examinations. Among those patients, data for 69 patients who had undergone haemodialysis for <6 months, 21 patients who were inpatients or institutionalized patients, 41 patients who did not have complete data and 19 patients <30 years of age were excluded from the analysis. Finally, data from 1064 patients were analysed. We ascertained the vital status of all participants after completion of a 5-year follow-up survey. 
† †
BP, blood pressure; HDL, high-density lipoprotein; hsCRP, high-sensitivity C-reactive protein. *P < 0.05, **P < 0.01, ***P < 0.001 compared with the married group by ANOVA and adjustment for multiple comparisons was performed using Bonferroni correction. † P < 0.05, † † P < 0.01, † † † P < 0.001 compared with the married group by logistic regression. Table 2 shows multivariate-adjusted HRs (95% CIs) for mortality from all causes and mortality from CVD by marital status. Single patients had a significantly higher risk for allcause mortality than married patients: the multivariate-adjusted HR (95% CI) was 1.51 (1.06-2.16). Divorced/widowed patients had a higher risk for all-cause mortality than married patients, although the risk did not reach a level of significance (P = 0.102). For CVD mortality, single patients and divorced/widowed patients had significantly higher risks than married patients: multivariate-adjusted HRs (95% CIs) were 1.68 (1.03-2.76) in single patients and 1.73 (1.15-2.60) in divorced/widowed patients. After adjustment with Bonferroni correction for multiple comparisons, P values for single patients showed marginal significance (P values: 0.070 for allcause mortality and 0.105 for CVD mortality), whereas the P value for divorced/widowed patients remained significant (P value: 0.011 for all-cause mortality).
After stratifying by age, single patients aged 30-59 years had a 1.8-fold higher risk for all-cause mortality and a 1.9-fold higher risk for CVD mortality than married patients, although there were no significant interaction effects between marital status and age (Supplementary Table S4 ).
D I S C U S S I O N
In this population-based study of Japanese haemodialysis patients, single status, particularly in patients aged 30-59 years, was significantly associated with increased risks for allcause and CVD mortality after adjusting for traditional cardiovascular risk factors, non-traditional cardiovascular risk factors (serum levels of albumin and hsCRP) and comorbid conditions ( prevalent stroke, myocardial infarction and cancer). In addition, divorced/widowed status was significantly associated with an increased risk for CVD mortality after adjusting for the above-mentioned factors in total patients. The findings suggest that single status and divorced/ widowed status are independent risk factors for all-cause and CVD mortality among haemodialysis patients.
Many studies have shown that unmarried status was associated with an increased risk for mortality not only in general populations [6] [7] [8] [9] [10] but also in patient populations [11] [12] [13] . To our knowledge, there has been no study on the association between marital status and mortality risk in haemodialysis patients. The results obtained in the present study are consistent with those obtained from other patient populations and suggest that being unmarried is an important predictive factor of mortality among haemodialysis patients as well as other patient populations.
Although the present study could not reveal causality between unmarried status and increased risk for mortality, there are several possible explanations. In this cohort, there were higher proportions of current smokers in single patients and divorced/widowed patients than in married patients, and there was a higher proportion of patients with low levels of education in single patients than in married patients among patients aged 30-59 years. There were higher proportions of patients having no job and patients with low levels of education in divorced/widowed patients than in married patients. These associations could potentially explain the associations Morality rate was defined as number of deaths per 1000 person-years. Multivariate-adjusted HRs were estimated by adjusting for age, sex, duration of haemodialysis, cause of renal failure, body mass index, systolic blood pressure, total cholesterol, HDL cholesterol, hsCRP, albumin, co-morbid conditions (stroke, myocardial infarction and cancer), current smoking, regular alcohol consumption, education level and job status.
that have been found between marital status and mortality. However, since the significant association between marital status and mortality remained after adjusting for current smoking, education level and job status, such factors might not fully explain the higher risk for mortality in single and divorced/widowed patients in this study. Marriage is potentially a strong social support system. For married persons, a primary source of social support could be their spouses [32, 33] . In general, being unmarried is associated with non-adherence to medical treatment in patients with chronic disease [15] . In haemodialysis patients, primary caregivers are spouses [34, 35] , and several studies [36, 37] , but not all [38] , have shown an association between unmarried status and non-adherence to dialysis care. A study of 456 adult haemodialysis patients showed that being single was associated with non-adherence to fluid restriction [39] . In addition, poor family support was shown to be associated with non-adherence to fluid restriction [40, 41] and increased risk for mortality [41, 42] . Among unmarried haemodialysis patients, lack of spousal support and poor family support for haemodialysis care may contribute to the increased risk for mortality.
Several studies showed that unmarried status was associated with increased risk for out-of-hospital sudden cardiac death [43, 44] . A population-based study of adult residents of the USA showed that the risk of dying with no transport to a hospital was more than 2-fold higher for single or divorced decedents than for married decedents [43] . Unmarried status was also reported to be associated with delay in seeking medical care for acute myocardial infarction [45] . In this study, sudden death accounted for 44% of the deaths from CVD. The delay in seeking medical care associated with unmarried status might contribute to the high risk for CVD mortality also in haemodialysis patients.
There were several limitations in this study. First, we had no information about marital quality and marital transition. Poor marital quality has been reported to be associated with an increased risk for mortality in haemodialysis patients [46] as well as other patient populations [47, 48] . Transition from married status to divorced or widowed status has also been reported to be associated with an increased risk for mortality [49] . However, this could have weakened the association observed in this study, biasing the results towards the null hypothesis. Secondly, we did not assess psychological factors such as depression or stress, which are associated with both marital status and increased risks for mortality [14, 21] . Thus, we could not reveal the role of psychological factors in the association between marital status and mortality. Thirdly, our subjects were Japanese haemodialysis patients. The Dialysis Outcomes and Practice Patterns Study (DOPPS) showed a cultural specificity in Japan: the association between poor family support and a high risk for mortality were stronger in Japan than in other countries [41] . Thus, generalizability of the present results to patients in other countries may require caution. Fourthly, we had no detailed information on vascular access. Thus, we could not distinguish between patients with arteriovenous fistulae and patients with arteriovenous grafts. However, there are few cases of arteriovenous grafts in Japanese haemodialysis patients [4, 50] . We think that the status of vascular access would not influence the association between marital status and mortality in this study.
The prevalence of haemodialysis patients in the study area (1596 per million) was similar to that in the northern part of Japan, although it was lower than that in all of Japan [51] . Our study also had a relatively high rate of participation (87.1%). This cohort is therefore considered to be a representative sample of haemodialysis patients in the northern part of Japan. On the other hand, the proportion of single persons among middle-aged persons was higher in this cohort than the general population of Japan [52] . Our findings of high risk for mortality among single haemodialysis patients aged 30-59 years indicate that being single is one of the serious issues for that high-risk population.
In conclusion, this study suggests that single status is an important predictive factor for all-cause mortality and CVD mortality and that divorced/widowed status is an important predictive factor for CVD mortality. In order to improve mortality rates in haemodialysis patients, it is necessary to make not only patients but also healthcare professionals aware that unmarried patients are at high risk for mortality among haemodialysis patients. In addition, nephrologists and other allied healthcare professionals should pay more attention to unmarried haemodialysis patients' adherence to dialysis treatment and their social support system.
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